Abstract and keywords
Introduction
Clinicians and researchers in sports science and medicine often use the calf-raise test to assess properties of the calf muscle-tendon unit (MTU) [1] [2] [3] [4] [5] [6] . The test was originally developed in the 1940s during the poliomyelitis epidemic to grade and detect plantar-flexor muscle weakness [7] [8] [9] . Today's calf-raise test generally involves repetitive concentriceccentric muscle action of the plantar-flexors in unipedal stance and is quantified by the total number of raises performed [7] [8] [9] . Several disciplines have adapted the test for use including neurology [8, 10] , gerontology [11] [12] [13] , cardiology [10, [14] [15] [16] , orthopaedics [17, 18] , and sports medicine [19, 20] . The calf-raise test has traditionally been used to assess various calf MTU properties including endurance, strength, fatigue, function, and performance [1-7, 9, 21-36] . The test has also been employed to assist diagnosis, quantify injury, grade impairment, and measure treatment outcomes of the lower extremity [17, [37] [38] [39] . A wide range of administrative protocols are currently available and detail multiple parameters, such as starting position, height of raise, pace of execution, balance support, termination criteria, and outcome measurements.
Normative values are often utilised to develop evidence-based clinical references [40] . In studies that employ the calf-raise test, normative values, such as the number of raises, are often reported and used as clinical reference. The research literature commonly recommends 25 raises as norm clinical performance targets for healthy subjects [9, 34] , although higher and lower values have also been suggested [1, 2, 5, 14, 35, 36, [41] [42] [43] [44] [45] [46] .
Conversely, musculoskeletal assessment textbooks generally recommend lower target values ranging from 7 to 15 raises [22, 26, 28] .
In sports medicine, it has been suggested that as high as 30-50% of all sporting injuries are related to overuse tendon disorders [23] . Achilles tendonopathies are considered the most common tendon pathology affecting the lower extremity [21] ; accounting for 11% of all 6 running injuries [47] and a reported annual incidence of 7-9% in elite runners [48, 49] .
Rehabilitation of these disorders often includes eccentric exercises [50, 51] . Eccentric exercises specific to Achilles tendon disorders utilise a modified form of the calf-raise test within exercise prescription protocols. Since both incorporate similar movements, the calfraise test is frequently used to determine the treatment effects of the eccentric exercise regime [52] . The test is therefore not only used in the initial assessment of Achilles tendon disorders, but also during rehabilitation to quantify treatment outcomes and to monitor evolution of these conditions [4, 6, 17, 19, 30-33, 37, 53-61] .
Although the calf-raise test appears to have acceptable reliability and face validity, and is commonly used for medical assessment and rehabilitation of injuries, there are no universally acceptable test parameters to guide clinicians in its administration and interpretation. The aim of this paper is therefore to systematically review the existing published literature relevant to the calf-raise test and to identify the consistency and acceptance of the test's evaluation purposes, test parameters, outcome measurements, available normative values, and reliability and validity values. The paper primarily explores the calf-raise test in an orthopaedic and sports medicine context, with particular clinical consideration given to Achilles tendon pathologies. Investigating this test is vital to promote its uniform description, comprehension, utilisation, interpretation, and standardisation in clinical practice. 
Methods

Search strategy
Article selection
Potentially identifiable information, such as authors, affiliations, and source of publication, were removed from all articles to assure blinding of the reviewers and to reduce bias. The article selection process was initiated by excluding duplicates retrieved from the electronic search based on matching titles (see Figure 1 ). The remaining articles were screened with respect to the inclusion-exclusion criteria by two independent reviewers (KH-L, RN-W), with foreign language articles being translated if not accessible in English. Screening results were compared and if no consensus was reached, a third independent reviewer was consulted (AS). Subsequently, abstracts and full-text articles were sequentially screened using the same screening procedure as for titles. A selection of sports medicine and orthopaedic journals and the reference lists of all retrieved full-text articles were hand-searched (see Figure 1 ).
Quality assessment
A modified version of the Downs and Black Quality Index [62] was employed to quality assess the articles that met the inclusion criteria. The original index has demonstrated high 8 internal consistency (Kuder-Richardson 20: 0.89), good test-retest (r =0.88) and inter-rater reliability (r= 0.75), and high correlations with other validated quality assessment instruments (r=0.90) used for non-randomised studies [62] . The reliability and validity of the modified quality assessment index used in this review were not assessed since other researchers have successfully applied similar modified versions of the initial quality index [63, 64] .
For the purpose of this review, as performed in a prior systematic review [63] , eight questions (8, 9, 13, 17, 19, 24, 26, and 27 ) from the original 27 itemed index were excluded since they
were not relevant to non-randomised control trials. or if defining less than two core confounders. The final quality assessment scores were expressed as percentages; higher percentages indicating articles of higher quality. Two reviewers (KH-L, RN-W) independently assessed the methodological quality of the articles (n=49). If independent quality scores were within 10% difference of each other, the average score of the two reviewers was used. If scores differed by more than 10% between the reviewers, quality scoring was discussed and, if required, a third independent reviewer was consulted (AS). The 10% value was determined a priori since this value represented 1 quality assessment criterion.
Data extraction
To collect information from the articles included in this review, a data sheet was designed to extract study characteristics and calf-raise test parameters. The latter included (where 
Results
Search result and methodological quality
The electronic database search generated 520 articles related to the calf-raise test (see Figure 1 ). Forty-nine articles met the inclusion criteria and were quality assessed, resulting in an average quality score and standard deviation of 70.4±12.2% (range 44-90%) (see Table   1 ). Consensus was reached between the independent reviewers for all articles. 
Population and sample size
A summary of the articles' (n=49) populations and sample sizes is presented in Table1.
Twenty-five articles comprised a total of 1422 normal subjects. Seven of these articles described subjects as being athletic, sedentary, or military. The average sample size of these articles (n=25) was 55±62 (range 8-203).
Thirty-four articles contained a total of 1524 subjects affected by either orthopaedic or medical pathologies. Their mean sample size was 45±36 (range 
Calf-raise test Purposes and outcome measurements
Reasons for utilising the calf-raise test varied substantially between articles (see Table 1) and included assessing endurance, strength, fatigue, function, performance, or multiple calf MTU properties. Some studies reported up to three purposes for employing the test (I, II, III in Table 1 ). The multitude of assessment purposes were mirrored by the multiple outcome measurements reported (see Table 2 ), with some studies documenting up to four outcome measurements (I to IV in Table 1 ). These included the number of raises; work performed;
reason for stopping; pain; time to complete; plantar-flexion range of motion (ROM); heel-raise or lower limb symmetry indexes; functional scores; and torque, force or impulse. Assessing endurance and reporting the number of raises were respectively the most frequently cited purpose and outcome measurement for the test.
Key testing parameters
The six identified testing parameters for the calf-raise test were inconsistently reported and defined in numerous ways (see Table 2 ) despite being used to describe and standardise administration protocols. Although frequently employed in clinical practice, only 14 articles reported all six key testing parameters and five failed to identify any (see Table 1 ). Half the articles reviewed did not describe the starting position of the knee; and a third did not document the termination criteria for the calf-raise test (see not specified in Table 2 ). 
Reliability and validity values
Reliability values for the calf-raise test were reported as part of the methodology in 13
articles; were cited from other articles in 10; and, not provided in 26 (see reliability in Table   1 ). Only nine addressed validity, which included sensitivity and specificity (see validity in Table 1 ). The reported test-retest reliability values ranged from moderate to excellent, and were, where discernable, either intra-rater (same evaluator) or inter-rater (two separate evaluators) measures of test-retest reliability (see Table 1 ). Intraclass correlation coefficient values ranged from 0.57 to 0.99; and Pearson's correlation coefficient (r), from 0.56 to 0.98.
Normative values
No definite normative outcome values could be determined. Pooling norms was difficult due to the heterogeneity of the articles' underlying constructs and the variety of structured calfraise tests used. Therefore, descriptive statistics using weighted means were used to report the results from the available normative values. When the total number of raises performed was compared, regardless of specific testing parameters, the highest number achieved by a healthy subject was 120, and 54 by a subject with pathology. The weighted means and standard deviations of the total number of raises achieved by healthy subjects and by subjects with pathologies were 27.9±11.1 (range 2.7-68.0) and 19.1±11.4 (range 6.4-53.0), respectively.
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To compare performance of similar calf-raise tests, articles using the most frequently reported test parameters for starting position of the knee (extended), pace of execution (60 raises/minutes), and outcome measurement (number of raises) were extracted (see Table 2 ).
Eleven articles [2, 5, 9, 11, 13, 16, 41, 46, 53, 65, 66] were subsequently compared. Seven of these included healthy subjects (n=572), while six included subjects with pathologies (n=176). The weighted mean and standard deviation of the number of raises performed was 25.3±13.9 (range 2.7-68.0) in healthy subjects; and less in subjects with pathologies, with a weighted mean and standard deviation of 17.6±7.4 (range 6.4-26.0). In the latter, subjects with Achilles tendon disorders were not represented.
Discussion
The purpose of this review was to identify the consistency and acceptance of the calf-raise test properties. Despite the apparent face validity and acceptable reliability of the calf-raise test, no consensus was found in relation to the purpose, the optimal test parameters, the adequate outcome measurements, or the appropriate normative values associated to this test (see Table 2 ).
The calf-raise test is reported to assess calf MTU properties, and its clinical use has been consistently recommended [9, 22, 26, 28, 67] . Some authors have advocated the calf-raise test as the primary method of assessment for plantar-flexion function [9, 67] . However, despite the frequent use of the test by clinicians and researchers, no consensus was found in relation to the underlying properties of the calf-raise test (see Table 2 ). The test is most frequently used to evaluate endurance of the calf MTU; however, supporting anatomical or physiological evidence is limited. Analogously, the most commonly reported outcome measurement is the number of raises performed, although this is not supported by any scientific rationale. The preference for using the number of raises as prime outcome 13 measurement may be attributed to its practical and "user-friendly" clinical application.
Although this may encourage a common language amongst researchers and clinicians, valid justification for using the number of raises as outcome measurement is lacking.
Reliability of a test is crucial to ensure replication and comparison of scientific and clinical results [68] . Over half of the reviewed literature failed to report the reliability of the calf-raise test (see Table 1 ). Reliability can be increased by standardising administrative protocols, which reduces the variation of test parameters [69] . The importance of standardising parameters of the calf-raise test such as body position, height of raise, pace of execution, and termination criteria, has been strongly advocated [1, 4, 6, 10, 13-15, 34, 37] ; however, these same parameters were often not monitored or described (see Table 2 ). but only one study [2] reported reliability values. Consequently, caution should be exercised when interpreting the results of some studies and consideration should be given to the fact that calf-raise test monitoring devices used in research may not be clinically accessible due to associated costs and/or availability.
There is some evidence that demographic, anthropometric, and ethnic factors influence performance of the calf-raise test [15, [41] [42] [43] [44] 46] . However, the reviewed literature provided no consensus on the precise significance, contribution, or effect of these factors on calf-raise test performance. For example, when considering the influence of gender (demographic factor) on the number of raises (performance factor), Maurer et al. [43] found no significant difference between the number of raises performed by females compared to males in 14 children (7-9 yrs). In contrast, Jan et al. [41] observed a significantly lower number of raises performed by females versus males in adults (21-80 yrs of age). Although the respective populations' ages may explain the differing influence of gender on the number of raises achieved, it remains unclear which specific factors and variables need to be considered when documenting performance of the calf-raise test, and to which extent they affect test performance.
Normative outcome values may be implemented as evidence-based references by clinicians [40] . Medicine [73] .
Differential diagnosis can be defined as distinguishing a condition from others presenting similar characteristics [74] . Recognising a test's sensitivity and specificity values may help to establish an appropriate diagnosis in the case of underlying pathology. The documentation of validity, including sensitivity and specificity, values for the calf-raise test was limited (see Table 1 ). From the pooling of the available normative values, the calf-raise test appears to have discriminative validity when comparing healthy subjects to subjects with pathology, but this necessitates further investigation. Additionally, sensitivity and specificity values are only relevant to populations in which these values have been specifically investigated and documented. For instance, the test has demonstrated the ability to detect endurance and functional deficits in subjects with medial tibial stress syndrome [2] , ankle injuries [39] , and chronic heart failure [14] . However, these abilities remain questionable in subjects with Achilles [4] or patellar tendinopathies [65] , with other conditions yet to be explored.
Achilles tendon pathologies affect the integrity of the calf MTU and the entire function of the lower extremity [32, 52] . The calf-raise test is considered to be an important tool in assessing Achilles tendon disorders [52] , which is reflected by the frequent inclusion of subjects with these pathologies in the literature pertaining to the test. However, the relevance of the test in evaluating Achilles tendinopathies is still debated, with some authors questioning whether the test should be used at all [4] . Validating the use of the calf-raise test for healthy subjects and subsequently for Achilles tendon disorders are important steps in resolving the existing debate. This may result in the test being justifiably employed to assist diagnosis and to monitor the natural history and treatment efficacy of Achilles tendon pathologies.
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The calf-raise test is not a MeSH term and therefore, our systematic review required the use of a less efficient keyword search strategy. To counter this limitation, our review included an expansive selection of databases which was supplemented by thorough hand-searching.
Furthermore, while an all-inclusive approach was implemented to ensure the review was representative of all published literature relating to the calf-raise test, it is acknowledged that the exclusion of non-published data may be considered a limitation of the study. A further possible limitation of the all-inclusive approach is that all articles meeting the inclusion criteria were analysed, despite many scoring low in the quality assessment. Lower quality scores were commonly associated with: inadequate description of the main outcome measurements; omission of factors influencing outcome measurements in the analysis; and the failure to adequately address external validity, such as population source, representativeness, or recruitment.
Conclusion
A systematic review of the literature was conducted to investigate calf-raise test properties. 
Practical implications
• The calf-raise test assesses the properties of the calf-muscle tendon unit through repetitive concentric-eccentric muscle action of the plantar-flexors in unipedal stance.
• No consistent evaluation purpose; test parameters; outcome measurements; normative values; or reliability and validity values are currently documented for the calf-raise test.
• Clinicians can only rely on level 5 evidence until universally accepted standardisation of the calf-raise test is achieved and used to determine normative values in healthy individuals and in individuals with pathology. e Intra=intra-rater (same evaluator); Inter=inter-rater (two independent evaluators); N/S=not specified (evaluators not specified)
f Validity, including sensitivity and specificity 
